Group IV consists of the nuclear and cytoplasmic MKPs, hVH5/DUSP8 and MKP-7/DUSP16. These proteins exhibit a unique Cterminal sequence of about 300 amino acid residues in addition to the common MKP structure. (8, 9) We previously showed that MKP-7 shuttles between the nucleus and the cytoplasm and suppresses activation of MAP kinases in COS-7 cells in the order of selectivity JNK>>p38>ERK.
Using several mutant proteins, we found that a long C-terminal stretch (CTS) contains a functional nuclear export signal (NES) and a nuclear localization signal (NLS), both of which enable MKP-7 to shuttle between the nucleus and the cytoplasm, and that the CTS determines JNK preference for MKP-7 by masking MKP-7 activity towards p38 (8) . Recently we found that the CTS domain is bound by ERK, and that
Ser-446 in the CTS is phosphorylated by ERK depending on several external stimuli (10) .
These data strongly suggest that the CTS plays important regulatory role(s) in cells.
Although very few studies address their posttranslational regulation, it is known that some MKP/DSPs can be phosphorylated and/or polyubiquitinated. MKP-1 is phosphorylated by ERK on two C-terminal serine residues, Ser-359 and Ser-364, which does not directly affect phosphatase activity but results in stabilization of the protein due to reduced degradation by the ubiquitin-directed proteasome complex (11) .
VHR has also been reported to be phosphorylated on Y138 by ZAP-70, resulting in translocation of VHR to the immune synapse (12 
EXPERIMENTAL PROCEDURES
Plasmid construction-Mammalian expression vectors, pFLAG-MKP-7 and pFLAG-MKP-7-
(1-370), -(1-568), -(1-604), and S446A have been described previously (8, 10) . Point mutations of pFLAG-MKP-7S446A and S446D were generated by site-directed mutagenesis using the QuickChange sitedirected mutagenesis system (Stratagene). were separated by SDS-PAGE on a 10% gel.
The intensity of bands of FLAG-MKP-7 and mutant proteins was quantified using an FLA-3000 imaging system (Fuji, Japan). Immunoprecipitated proteins were separated on a 10% gel and subjected to immunoblot using anti-T7 monoclonal antibody (Novagen) or anti-FLAG polyclonal antibody (8) .
Immunoblot analysis of cells treated with cycloheximide and proteasome inhibitors-
Cell staining-Immunohistochemical analyses were performed as described (8 Anti-phospho-Ser-446 monoclonal antibody was developed against a phosphopeptide
NKLCQFpSPVQEC as previously described (20) .
RESULTS

MKP-7 is an unstable protein in COS-7 cells-
To determine whether MKP-7 is rapidly degraded, pulse-chase experiments were performed. COS-7 cells transiently transfected with pFLAG-MKP-7 were pulse-labeled with 
Phosphorylation on Ser446 stabilizes MKP-7-
To confirm that phosphorylation at Ser-446 of the CTS confers stability, the half-lives of MKP-7-(371-665)S446A and -(371-665)S446D, which are nonphosphorylatable and phosphorylation-mimicking mutants, respectively, were analyzed (Fig.7 left) . The half-lives of MKP-7-(371-665)S446A and S446D were 1.3 and 3.2 hours, respectively, which is equivalent to the half lives of the lower and upper bands of MKP-7-(371-665) (Fig.5   left) . Furthermore, the half-life of MKP-7-(436-665)S446A was shown to be 1.3h (Fig.7 right), which was shorter than that of MKP-7-(436-665) (Fig.5 right) (27) , and the myc degron (28) are reported to be required for rapid proteolysis by the ubiquitin-proteasome pathway. Since the identification of MKP-7, it has been speculated that MKP-7 is unstable since it contains two PEST sequences (8) . To determine whether these motifs play a role in protein stability, we mutated them (Fig.3B) ; Several reports demonstrated that MKP-1 and MKP-2, which are nuclear MKPs, are shortlived due to ubiquitin-mediated proteolysis (11, 15, 31, 32) . Here, we show that MKP-7 is also highly unstable, as is MKP-2 ( Fig.1) .
We previously reported that MKP-7 is A, 36h after transfection with pFLAG-MKP-7, HeLa cells were cultured without or with 5 ng/ml PMA for 15 min. FLAG-MKP-7 was detected by immunofluorescence using an anti-FLAG rabbit antibody with AlexaFlour-546 conjugated gout anti-rabbit secondary antibody (red). Phospho-Ser-446 was detected by immunofluorescence using an anti-phospho-Ser-446 mouse antibody with AlexaFluor-488 conjugated goat anti-mouse secondary antibody (green). 
